Blood transfusions are common in the hospital setting. Despite the large commitment of resources to the delivery of blood components, many clinicians have only a vague understanding of the complexities associated with blood management and transfusion therapy. The purpose of this primer is to broaden the awareness of health care practitioners in terms of the risks versus benefits of blood transfusions, their economics, and alternative treatments. By developing and implementing comprehensive blood management programs, hospitals can promote safe and clinically effective blood utilization practices. The cornerstones of blood management programs are the implementation of evidence-based transfusion guidelines to reduce variability in transfusion practice, and the employment of multidisciplinary teams to study, implement, and monitor local blood management strategies. Pharmacists can play a key role in blood management programs by providing technical expertise as well as oversight and monitoring of pharmaceutical agents used to reduce the need for allogeneic blood.
Transfusion of blood products is one of the most common interventions in the hospital setting. The number of blood components transfused in the United States was approximately 29 million in 2004. 1 This equates to nearly 80,000 units of blood components transfused every day. In light of the high volume of blood transfusions and their associated risks, regulatory and professional organizations, including the Joint Commission, the American Association of Blood Banks, and the College of American Pathologists, require ongoing monitoring of blood utilization within institutions. 2 The United States Food and Drug Administration (FDA), however, is responsible for ensuring the safety of the nation' s blood supply, as well as food and drug safety. Despite the commitment to a large number of resources necessary for the delivery of blood components, and the focus of the FDA and the Joint Commission on safety initiatives, many practitioners have only a vague understanding of the complexities associated with blood trans-fusion therapy. Owing in large part to a lack of formal training in transfusion medicine for most clinicians, the administration of blood products is surrounded by emotions, misconceptions, myths, and prescribing by habit. 3 Furthermore, despite mounting evidence demonstrating significant harm from unnecessary blood transfusions, [4] [5] [6] results of several studies document a generalized lack of compliance with appropriate transfusion guidelines, as well as tremendous variation in transfusion practice among different institutions and among individual physicians within the same institution. [7] [8] [9] [10] [11] This lack of familiarity with transfusion guidelines is true not only for physicians and nurses, but also for pharmacists whose focus is primarily on pharmacologic therapy. In many institutions, this is clearly an example of the "silo" mentality where each respective department and their staff may be naïve to the challenges being faced by other departments relative to the delivery of optimal health care. In essence, hospital pharmacies take responsibility for the safe storage and effective delivery of drugs to the patient's bedside, whereas blood bank departments are responsible for the same functions for blood products. Nonetheless, pharmacists as well as physicians and other health care practitioners have been forced in recent years to become more familiar with blood component therapy by necessity, as drug therapies have clearly overlapped with blood component therapies as therapeutic alternatives. Specific examples include the use of erythropoiesis-stimulating agents, alternatives to red blood cell transfusions, hemostatic agents (e.g., recombinant activated factor VII [rFVIIa]) in patients with refractory hemorrhage, and iron supplementation. Thus, many institutions have embraced the concept of blood management, which can be defined as an evidence-based, multidisciplinary process designed to promote the optimal use of blood products throughout the hospital. The purpose of this review is to serve as a primer on blood management for pharmacists and other health care practitioners interested in broadening their understanding of allogeneic transfusions.
Transfusion Medicine
Blood products have been a vital and integral part of modern health care since the advent of the first blood bank in 1936. The foundation of the current blood banking industry was laid during World War II, when efficient methods of blood processing, handling, and storage were developed to meet the huge war-time demand. Tremendous advances in blood processing technology and blood screening in the latter half of the 20th century have resulted in steady increases in blood safety and availability. The development of a safe and readily available blood supply has facilitated the advent of life-saving procedures, such as trauma resuscitation, cardiac surgery, organ transplantation, and chemotherapy. None of these procedures could have come about, nor could they exist, without an efficient collection, distribution, and delivery system for these millions of units of blood products. In essence, blood has become the "oil" of the medical industry, lubricating the gears of health care delivery. It is interesting to note that the blood collection industry is facing challenges similar to those found in the oil market, as blood demand threatens to outstrip supply and blood costs escalate. Local and regional blood shortages have become more frequent, leading to delayed hospital admissions and surgery cancellations. This situation is expected to worsen as the population ages and as surgical approaches and chemotherapy regimens that depend on or result in more aggressive use of blood products increase. The economic consequences of this supply and demand situation are discussed in a later section.
Risks of Allogeneic Transfusions
Although the blood supply is the safest it has ever been, transfusion of blood components remains a high-risk procedure. Each transfusion exposes patients to a variety of potentially serious complications, so unnecessary transfusions make little sense in view of the potential harm. [12] [13] [14] The most significant risks of transfusion in 2006 were unrelated to viral transmission. 15 Bacterial contamination of platelets is one of the leading causes of transfusion-related morbidity and mortality, with a frequency of 1:2000-3000 transfusions. 15 Administration of blood products to the wrong patient (mistransfusion) is also a leading risk associated with transfusions. Although improved donor screening has reduced the risk of hepatitis and human immunodeficiency virus (HIV) transmission to less than one in a million transfusions, 15 mistransfusion still occurs with the alarming frequency of 1:12,000-19,000 units transfused, with death occurring in 1:600,000-800,000 transfusions. 16, 17 One of many concerns about autologous predonation, a topic discussed later in more detail, is that the probability of any transfusion event is increased 3-12-fold in patients who predonate. 18 Predonation causes an iatrogenic anemia, moving the patient closer to a transfusion trigger and exposing them more often to the hazards of the transfusion process itself and the risk of clerical error. 18 Prolonged storage of blood products (up to 42 days for red blood cells) is yet another transfusion concern secondary to a progressive decline in product quality and linear increases in cellular debris and inflammatory mediators. 19, 20 Prolonged storage significantly impairs the ability of stored red blood cells to deliver oxygen to the tissues, [21] [22] [23] and the buildup of inflammatory mediators can result in systemic inflammatory syndrome and transfusion-related acute lung injury (TRALI). 24, 25 Acute lung injury is the leading cause of transfusion-related morbidity and mortality worldwide and occurs with an estimated frequency of 1:500 platelet transfusions and 1:1000-5000 plasma and red blood cell transfusions. 24, 26, 27 The occurrence of TRALI is likely underreported because of a lack of awareness by clinicians. In addition to TRALI being caused by inflammatory mediators, TRALI can also be caused by the presence of antihuman leukocyte antigen antibodies in donor plasma that attack recipient white cells. 28 This is most often seen in plasma products donated by multiparous women because of the exposure of fetal tissues during pregnancy and has caused the United Kingdom to convert to male-only plasma. It now appears that the United States will follow this lead and begin to phase out plasma from female donors (R. Benjamin, American Red Cross, personal communication, October 23, 2006) . 29 Transfusion-related immunomodulation (TRIM) is caused by the introduction of a variety of foreign antigens from allogeneic transfusions that invoke immunologic changes in patients who have received a transfusion. 30, 31 These immunologic changes include both stimulation of humoral immunity, which results in alloantibody production, and downregulation of cellular immunity, which results in altered host defenses. [30] [31] [32] Unfortunately, these immune system changes often occur in patients who are already stressed by surgery or illness. This TRIM effect is thought to be contributory to the consistent finding of stepwise increases in infection rates, [32] [33] [34] [35] [36] [37] [38] [39] [40] ventilator support times, intensive care unit (ICU) and hospital lengths of stay, 6, 7, 25, [41] [42] [43] [44] and short-term and long-term mortality in patients receiving transfusions (Figure 1) . 6, 7, 33, 34, 41, 42 Also, several studies have demonstrated higher cancer recurrence rates in transfused versus nontransfused patients with cancer. [45] [46] [47] [48] Although the concept of TRIM is still considered controversial by some because of the observational nature of many of the studies, others believe that the evidence is strongly supported by the demonstrated mechanism of action, the dose-response relationship of the adverse effects, and the fact that the TRIM effect is modulated by leukoreduced blood products and in autologous transfusions. 30 In the face of these substantial risks, the benefits of transfusion therapy, especially the use of red blood cells, are not well elucidated. Few, if any, well-controlled studies demonstrate improved outcomes with red blood cell transfusions. 4, 5, [49] [50] [51] The landmark Transfusion Requirements in Critical Care (TRICC) trial published in 1999 was a multicenter, prospective, randomized trial of red blood cell transfusion strategies in 838 critically ill adult patients admitted to 25 Canadian ICUs from 1994-1997. 4 Patients were excluded from the study for active blood loss at the time of enrollment, chronic anemia, pregnancy, after cardiac surgery, or imminent death. Physicians were also allowed to decline patient participation if they had a question whether to withhold or withdraw ongoing treatment. The 838 enrolled patients were randomly assigned to receive red blood cell transfusions with use of two different strategies: a liberal strategy group received transfusion at a hemoglobin trigger of 10.0 g/dl, and a restrictive strategy group received transfusion at a hemoglobin trigger of 7.0 g/dl. The results of the study were quite surprising in that the more liberal strategy transfusion group did not have better outcomes, which was in contrast to several observational studies that had concluded that critically ill patients had increased adverse outcomes as their hemoglobin levels decreased below 9.0-9.5 g/dl. 52, 53 Overall, the adjusted multiorgan dysfunction score and in-hospital mortality rate were significantly higher in the liberal transfusion group than in the restrictive transfusion group. Further, no subgroup of these critically ill patients demonstrated an added benefit of higher hemoglobin levels as a result of packed red blood cell transfusion, and most patients in the liberal transfusion group had substantially worse outcomes. Even patients with a cardiac diagnosis did not have improved outcomes with a liberal transfusion strategy, although a greater proportion of patients with severe cardiac disease than other types of disease had attending physicians who declined to enroll patients in the study. The authors' conclusion was that a restrictive strategy of red blood cell transfusions (hemoglobin level 7.0 g/dl ) was at least as effective and possibly superior to a more liberal strategy (hemoglobin level 9.0-10.0 g/dl) with the possible exception of those patients with acute coronary syndromes. 4 In another study, published in 2004, the authors questioned the benefit of transfusions in a high-risk cardiac population. 5 In this retrospective review of data from more than 24,000 patients enrolled in acute coronary syndrome trials, a multivariate analysis and propensity scoring model were used to derive the independent effects of anemia and transfusions. 34 serious postoperative bacterial infections and pneumonia in patients with hip fracture (B), 33 multisystem organ failure in trauma patients (C), 41 mortality in critically ill patients (D), 6 intensive care unit (ICU) and hospital length of stay in critically ill patients (E), 7 and ventilator time, ICU length of stay, and hospital length of stay in trauma patients (F). 42 The authors concluded that blood transfusion in the setting of acute coronary syndromes is associated with higher mortality (adjusted odds ratio 3.94) and that the association persists after adjustment for other predictive factors and timing of events. Based on these findings, they cautioned against the routine use of blood transfusion to maintain arbitrary hematocrit levels in stable patients with ischemic heart disease.
Another observational study investigating the impact of nadir hematocrit levels on cardiopulmonary bypass and transfusions in patients who underwent cardiac surgery confirmed worse outcomes (renal injury, renal failure, mortality) after red blood cell transfusions despite the demonstrated adverse effects of anemia in these patients. 49 Thus, although high-risk patient populations experience adverse outcomes from moderate-to-severe anemia, apparently allogeneic transfusions are ineffective in improving their clinical outcomes.
Although none of the above-mentioned studies were designed to determine the cause of the higher adverse event rates in patients receiving transfusions, the higher rate was likely the result of the adverse effects of allogeneic blood and the ineffectiveness of stored blood to efficiently deliver oxygen to the tissues. 12, 19 As with any medical therapy, the decision to transfuse must be made in the context of an informed risk-to-benefit analysis. Despite these concerns, some physicians continue to overutilize blood component therapy and order transfusions in a liberal fashion inconsistent with the current scientific evidence. 7 Transfusion practices that are based on the "10/30" rule (the traditional but unsubstantiated practice to transfuse at a hemoglobin level of 10 g/dl or lower and hematocrit of 30% or lower) 7 and other equally outdated standards for component therapy are incongruent with evidence-based transfusion strategies and, therefore, are outside the current standard of care.
Informed Consent for Transfusion Therapy
Informed consent for blood component therapy is yet another important issue related to transfusion therapy. Under this doctrine, physicians have a duty to disclose to patients the nature of the proposed treatment; the risks, complications, and expected results or effects of the treatment; as well as the alternatives to the treatment, and their attendant risks and benefits. 54 Many physicians do not appreciate or adequately convey this information to patients when discussing transfusion therapy. 55 Good clinical practice and legal doctrine mandate that patients receive sufficient and accurate information to make thoughtful decisions about therapies. One of the National Patient Safety Goals developed by the Joint Commission encourages the active involvement of patients in their care as a patient safety strategy. 56 A comprehensive and active informed consent process, with its give-and-take between physician and patient, falls squarely within the purview of this stated goal.
Moreover, although the informed consent discussion is ideally conducted by the treating physician, in most hospitals it is reduced to a printed form offered without discussion with the patient by clerical or nursing staff. It is the physician, however, who has the medical, legal, and ethical duty to obtain a valid informed consent. 54 This duty is fiduciary in nature and cannot be delegated. Similarly, many hospitals violate their internal bylaws, policies, and procedures, or the Joint Commission and the Centers for Medicare and Medicaid Services requirements, because documentation of the transfusion decision and the informed consent discussion, as well as the informed consent form, often are not placed in the medical chart. 57, 58 As with all therapeutic treatment, it is the duty of hospitals and health care providers to involve patients in their care and to inform them fully of the risks, benefits, and alternatives to transfusions.
Blood Transfusion Economics
Blood utilization and blood costs are accelerating in the United States at a time when blood products, hospital labor, and health care dollars are in short supply. Difficulties in recruiting donors, increases in the cost of testing and processing blood, and higher skilled-labor costs have caused blood centers to more than double the price of blood over the last few years, 59 with more price increases on the horizon. Within hospitals, the procurement, storage, processing, and transfusion of blood products involve an array of expensive and increasingly scarce resources that include laboratory supplies, pharmaceuticals, and medical devices, as well as significant technician and nursing time. [60] [61] [62] The utilization of these resources in the adminis-tration of blood products to patients results in a 3-4-fold increase in the total cost of blood beyond the base cost of its acquisition ( Figure 2 ). [60] [61] [62] As previously mentioned, a variety of controlled studies have demonstrated a direct relationship between the amount of blood products that patients receive and serious complications. These include increased infection rates, ventilator support times, ICU and hospital lengths of stay, and cancer recurrence rates, each being associated with increased patient care costs ( Figure 1 ). It is particularly instructive to review the variable costs of hospital resources that have been shown to increase when patients receive blood transfusions (Table 1) . 33, 39, [63] [64] [65] [66] [67] [68] [69] Variable costs are those that are incurred on a per-use or per-event basis, such that they reflect incremental cost burden when they occur or cost savings if avoided. For example, the association between blood transfusion with increased length of stay and ventilator support time would add considerably to total transfusion costs incurred by hospitals. The approximate cost for a postoperative hospital day is $1300, 65 an ICU day $3700, and a ventilated patient in the ICU $4800/day. 66 The incremental cost of a serious bacterial infection in a patient undergoing orthopedic surgery is estimated at $19,000-20,500, 33, 67 demonstrating the potential economic impact of the link between transfusions and postoperative infections. Bleeding complications can be particularly expensive in patients undergoing surgery, since bleeding can prolong operating room time and impact outcomes, as well as postoperative length of stay. The variable cost/hour of operating room time is $1900-3100, 64 such that even minor intraoperative delays to deal with bleeding can be quite costly. Even more costly is the impact of postoperative bleeding, particularly if it requires repeat surgery. Repeat surgery for bleeding in patients who underwent cardiac surgery has been shown to greatly increase postoperative morbidity and mortality rates 70, 71 and has an incremental cost of $29,300-31,300. 65, 68 With an accounting for all of the resources consumed by these adverse events, the variable cost of a red blood cell transfusion may be as much as $1800-$2800/unit. 69 A final burden faced by hospitals related to blood costs involves reimbursement issues. A recent consulting report noted that the majority of all blood products are transfused to Medicare beneficiaries, and that Medicare reimbursement has consistently failed to account for increases in the total cost of transfusing blood products. 59 The report also noted systemic problems related to hospital coding and billing practices for blood and blood-related services.
Blood Management Strategies
In response to these issues, health care providers and hospitals are developing multiprofessional strategies to improve blood utilization, improve patient outcomes, and reduce costs. Blood management strategies are defined as proactive processes, techniques, drugs, or medical devices that reduce the need for allogeneic blood when used in an effective and timely manner. By topical hemostatic agents, and measures to reduce iatrogenic blood loss. 74 Blood management strategies that are most likely to involve pharmacists are discussed below.
Preoperative Preparation and Planning
Preoperative preparation and planning are essential elements for the safe and optimal management of surgical patients. Through the early identification of high-risk patients who are amenable to strategies to modify those risks, hospitals can improve patient outcomes and improve overall resource utilization through reduced adverse events. In addition to the type and complexity of surgery, the universal predictors for transfusion requirements are preoperative anemia and a preexisting coagulopathy. [75] [76] [77] [78] Formal protocols for preoperative testing of hemoglobin level for major blood loss surgeries and coagulation status testing in certain patient populations are important for this early identification and intervention. There should also be established protocols for discontinuation of drugs such as aspirin, warfarin, and clopidogrel, as well as certain herbal supplements that increase bleeding including garlic, ginkgo, and ginseng. 79 Anemia management protocols are essential to blood management programs because they selectively use iron and erythropoiesis-stimulating agents to increase red blood cell mass in anemic patients, allowing them to reduce or eliminate their need for allogeneic blood during moderate-to-high blood loss surgeries. 80 Nonpharmacologic Strategies A number of nonpharmacologic strategies can be used to decrease the need for allogeneic red blood cell transfusions. Most of these strategies are low cost in nature and can be easily implemented once nurses and physicians are motivated to minimize allogeneic transfusion requirements. One such strategy is to minimize the impact of diagnostic phlebotomy on the development of anemia, especially in critically ill patients. 81 In a study of 145 Western European medical-surgical ICUs, an average of 41.1 ml of blood was phlebotomized from patients daily. 6 Similar findings have been documented from ICUs in the United States. 82 Deceasing the frequency of phlebotomy is one obvious approach to minimizing iatrogenic anemia by obtaining laboratory tests only when clinically justified. 81 Also, discontinuation of invasive lines (e.g., arterial catheters, central venous catheters) should occur as soon as possible, since the ease with which samples can be obtained from these monitoring devices is thought to contribute to unnecessary blood sampling. 81 Use of smallvolume sampling tubes (e.g., pediatric sampling tubes) when feasible is yet another straightforward method for decreasing blood losses secondary to phlebotomy. Point-of-care bedside analytic techniques (e.g., blood glucose analyzers, arterial blood gas analyzers) that require only small volumes of blood can be used to accomplish the same goal. 81 Cost savings to the institution may be realized with these techniques as well. Use of closed systems of blood sampling in which blood obtained in clear catheters of infusate is not discarded are also advocated. 81 Intraoperative blood recovery (i.e., cell salvage methods) with subsequent reinfusion of shed blood into a patient that has experienced significant surgical bleeding is another common method to minimize allogeneic red blood cell transfusions. A recent meta-analysis determined that the mean reduction in red blood cell transfusions was 0.64 unit/patient with use of cell salvage methods, without any apparent adverse effects on clinical outcomes. 83 Utilization of advanced surgical techniques may also be relatively advantageous in terms of decreasing surgical blood loss. These surgical methods include laparoscopic, endoscopic, robotic, and transcatheter techniques, as well as use of advanced surgical instrumentation (e.g., ultrasonic scalpel, argon bean coagulator). 84 Collectively, integration of any or all of these nonpharmacologic strategies into a comprehensive blood management program has the potential to significantly reduce red blood cell transfusions in a cost neutral fashion without any negative clinical consequences.
Iron Therapy
Inadequate iron stores will eventually result in iron-deficient anemia. Furthermore, the anemia of inflammation involving attenuation of erythropoiesis may coexist with functional iron deficiency in critically ill patients. 85 In each instance, iron replacement therapy is warranted to reverse the anemia and minimize the use of red blood cell transfusions. Iron replacement therapy typically involves enteral administration of ferrous sulfate, gluconate, fumarate, or iron polysaccharide in ambulatory patients with irondeficient anemia. Nonetheless, parenteral iron replacement therapy with iron sucrose, ferric gluconate, or iron dextran is often required because of gastrointestinal adverse effects associated with the enteral products or compromised enteral bioavailability in critically ill patients. 85, 86 These latter products are associated with a variety of adverse effects especially with long-term use (e.g., in patients with end-stage kidney disease). 87 Such adverse effects include anaphylaxis, acute renal tubular toxicity, accelerated atherosclerosis, and the potential for increasing the infectious risk by providing iron to the microbial pathogen. 86, 87 This latter concern remains controversial.
Erythropoiesis-Stimulating Agents
Among the pharmacologic strategies to minimize allogeneic blood transfusions, administration of erythropoiesis-stimulating agents has unquestionably received the greatest attention. Two such agents are available in the United States, namely, epoetin alfa and darbepoetin alfa. Epoetin alfa is a recombinant form of human erythropoietin, whereas darbepoetin alfa is a closely related higher molecular weight derivative of erythropoietin. The extensive use of erythropoiesis-stimulating agents in clinical practice relates to data demonstrating blunted erythropoiesis in patients at high risk for acute anemia (e.g., chronic renal failure), commercial availability, and a large body of evidence documenting their ability to reduce the overall number of red blood cell transfusions. Although only two erythropoiesis-stimulating agents are available in the United States, other erythropoiesis-stimulating agents and novel strategies for simulating erythropoiesis are under investigation. 88 Epoetin alfa and darbepoetin alfa are indicated for the treatment of anemia associated with chronic renal failure and chemotherapy-induced anemia in patients with nonmyeloid malignancies. In each of these instances, data have demonstrated that these agents decrease the need for transfusions and increase and/or maintain hemoglobin concentrations. 89, 90 The time course for these positive outcomes to be realized range from several weeks to months. The erythropoiesis-stimulating agents have been the standard of care for the treatment of anemia associated with chronic renal disease and chemotherapyrelated anemia for more than a decade. The relative merits of using the newer derivative, darbepoetin alfa, is a subject of active debate. 91 Although many issues remain unresolved with the use of erythropoietic stimulating proteins in patients with renal disease or cancer, the most prominent are those that surround doses and scheduling of doses, target hemoglobin concentrations, and concern regarding refractory patients. [91] [92] [93] As a result of concerns regarding increased occurrences of thrombotic events in patients with chronic renal failure, patients with cancer who are receiving chemotherapy, and surgical candidates, the FDA has recently recommended that health care professionals use the lowest dose possible of erythropoiesisstimulating agent to gradually increase the hemoglobin concentration and to target hemoglobin concentrations that do not exceed 12 g/dl. 94 Epoetin alfa is also indicated for the treatment of anemia associated with HIV in patients receiving zidovudine and for reduction of allogeneic red blood cell transfusions in patients undergoing elective, nonvascular, noncardiac surgeries. Readers are referred to two recent reviews regarding the role of erythropoiesisstimulating agents in the management of preoperative anemia and within the concept of bloodless medical care. 95, 96 In each of these instances, achievement and/or maintenance of adequate iron stores is an integral element relative to the success of these agents. 85 In recent years, epoetin alfa has also been clinically investigated for the treatment of anemia in critically ill patients. 86 , 97, 98 Table 2 summarizes the major trials that studied epoetin alfa for this indication, including a recent trial completed in mechanically ventilated patients receiving care in two long-term acute care facilities. [99] [100] [101] [102] [103] [104] Outstanding clinical questions to be considered relative to this issue include the optimal use of erythropoiesis-stimulating agents in the critically ill patient, identifying those patients most likely to derive benefit from this pharmacologic strategy, as well as dose, time to initiation of therapy, duration of therapy, route of administration (e.g., subcutaneous vs intravenous), and the lower threshold at which concurrent red blood cell transfusions should be given in patients receiving these agents. 97, 98 Results from a recently completed study of erythropoiesisstimulating agents in critically ill patients that
have not yet been published may provide additional insights in terms of further framing their role within this patient subset. One of the biggest factors that could limit the use of epoetin alfa and darbepoetin alfa in all patient subsets relates to their pharmacoeconomics. A major challenge in conducting pharmacoeconomic studies, however, is the full breadth of the potential effects of blood transfusions. As outlined above, to merely focus on the direct infectious complications of red blood cell transfusions or the acquisition and delivery costs associated with these transfusions may be vastly understating the economic factors.
Hemostatic Blood Products and Drugs
Acute blood loss can occur in a variety of medical and surgery settings. These include gastrointestinal bleeding, hemophilia, and perioperative bleeding. In trauma patients, acute hemorrhage is typically caused by vascular injury combined with coagulopathy. Hemorrhage secondary to injury to the major vessels requires surgical intervention for bleeding control in addition to transfusions to replace red blood cells that have been lost. However, reversal of acute coagulopathy regardless of etiology generally requires a multifaceted approach. Traditionally, the mainstays of therapy include transfusion of fresh frozen plasma, platelets, platelet factor concentrates, and cryoprecipitate, as well as reversal of hypothermia and acidosis that often accompany acute blood loss (Table 3) . [105] [106] [107] Readers are directed to more focused reviews on the use of conventional blood products in the treatment of massive hemorrhage. 108 Regardless, in refractory patients, a number of pharmacologic agents have been used as adjunctive therapies to control bleeding. One of the more controversial agents over the last few years is the off-label use of rFVIIa. A review of 117 case series and reports using rFVIIa in nonhemophilic trauma and surgery patients revealed restoration of hemostasis in 85% of the patients receiving the product. 109 Although rFVIIa doses were not uniformly reported, the mean ± SD dose where data were available was 81 ± 32 µg/kg (range 20-144 µg/kg). Other outcomes reported in a subset of these cases were a reduction in mean packed red blood cell units transfused before and after rFVIIa (mean ± SD 37 ± 26 units in 30 patients and 2 ± 1.5 units in 6 patients, respectively) and improvement in coagulation test times. Overall survival rate was 77% in the cases included in the review.
These results were generally confirmed in two parallel, randomized, placebo-controlled trials of rFVIIa in patients with blunt or penetrating trauma. 110 The effects were most apparent in the patients with blunt trauma in whom the number of red blood cell transfusions was significantly reduced (estimated reduction of 2.6 units/patient) as well as the percentage of patients needing massive transfusions (defined as requiring > 20 units of red blood cells). Adverse events (i.e., death, thromboembolic events, multiple organ failure, and acute respiratory distress syndrome) were evenly distributed between those patients receiving rFVIIa and those receiving placebo.
Other off-label indications for use of rFVIIa include intracerebral hemorrhage, 111 liver disease, 112 obstetrics, 113 and other assorted bleeding conditions. 112 An unresolved issue surrounding the use of rFVIIa is its safety; the risk of thromboembolic events in patients receiving this agent for off-label uses was recently highlighted. 114 These events include nonintra- cerebral hemorrhagic stroke, acute myocardial infarction, other arterial thromboembolisms, venous thromboembolisms, and pulmonary emboli. The potential for positive reporting bias for all studies using rFVIIa for off-label uses is another concern that may limit its general applicability. Furthermore, the optimal dose of rFVIIa in nonhemophilic patients is undefined. This issue is particularly important in light of the high acquisition costs for rFVIIa. The average cost of rFVIIa therapy for trauma patients was estimated at more than $25,000. 109 Rigorous pharmacoeconomic analyses are warranted to evaluate this cost and the associated adverse event costs against cost savings in other areas (e.g., reduced transfusions, reduced morbidities) to determine the net cost/life saved. In patients with hemophilia with severe bleeding, the use of rFVIIa appears to be highly effective and result in a relatively low rate of thrombotic complications (1-2%). 115 Other pharmacologic agents that have been investigated for their adjunctive role in reducing blood loss include desmopressin and the antifibrinolytics, aprotinin, tranexamic acid, and epsilon-aminocaproic acid. The primary role for these agents has been during the perioperative period. A systematic review of 18 controlled trials of desmopressin for minimizing perioperative allogeneic blood transfusion concluded that there is no benefit to be derived from this drug for this indication in patients without congenital bleeding disorders. 116 Nonetheless, a systematic review of antifibrinolytics by the same investigators yielded more favorable results. In 61 trials of aprotinin (7027 patients), a mean reduction of 1.1 red blood cell units transfused (range 0.69-1.47 units) was observed during the perioperative period in those patients requiring a transfusion, without evidence of excess risk of adverse events. 117 Most of these studies were in patients undergoing cardiac surgery. A similar result was found for tranexamic acid in 18 trials (1342 patients) where the red blood cell unit savings was 1.03 units (range 0.67-1.39 units). 117 Trials evaluating epsilon-aminocaproic acid for this indication were more limited (four studies) and did not indicate a statistically significant reduction in red blood cell transfusions. 117 Eight head-to-head studies between aprotinin and tranexamic acid did not suggest a relative advantage of one agent over the other. As such, the role of aprotinin in significantly reducing red blood cell transfusions in, at least, patients undergoing cardiac surgery, is well established with a strong likelihood for similar results with tranexamic acid.
Regardless, a significant association between aprotinin and serious end-organ damage (i.e., heart, lung, brain) in patients undergoing cardiac surgery has raised concerns in terms of its use versus alternative antifibrinolytic agents. This is based largely on results of a recently published, prospective, large-scale, observational investigation. 118 Since tranexamic acid and epsilonaminocaproic acid are significantly less expensive than aprotinin, future studies should focus on their relative overall cost-effectiveness for selected populations, taking into account not only acquisition costs but also costs of associated adverse events.
Local use of biologic surgical packing materials (i.e., chitosan) and fibrin glues may also be used to minimize intraoperative blood loss. 84 
Artificial Oxygen Carriers
The quest for artificial oxygen carrier solutions as alternatives to allogeneic blood transfusions has spanned decades. Indications for these products have focused primarily on the perioperative setting, sustaining regional perfusion (e.g., stroke, myocardial infarction), and acute hemorrhagic shock. 119 Leading candidates emerging from this line of investigation include hemoglobinbased oxygen carriers and perfluorocarbon emulsions. 120, 121 Although none of these products have been approved for use in the United States or Europe, clinical trials are investigating the safety and efficacy of these agents. Regardless, the possibility of one or more of these products being licensed as blood transfusion alternatives within the foreseeable future remains to be seen. An interesting point is that while specific objective clinical end points are mandated for approval of these products, such end points have never been required or established for red blood cell transfusions. 119 Other challenging product development issues relate to the relative safety and cost-effectiveness of these products compared with allogeneic blood transfusions. Readers are directed to recent reviews on blood substitutes for a more detailed history and summary of the clinical trials of these products. [119] [120] [121] [122] Autologous Predonation
One strategy believed to result in avoidance of allogeneic red blood cell transfusions in some patients undergoing elective surgery is preoperative autologous donation. Typically, patients will donate 1-3 units of packed red blood cells over a 3-4-week period before their elective surgery. 84 However, the efficacy and costeffectiveness of preoperative autologous donation have not been well established. 84 Noteworthy is that this strategy can be combined with administration of epoetin alfa and iron therapy preoperatively in an attempt to "optimize" the patient hematologically. 123 Risks associated with preoperative autologous donation include transfusion-associated circulatory overload 124 and the potential for clerical misidentification during the transfusion process. 18 These two risks are due to lower hemoglobin levels in preoperative autologous donation cases, moving them closer to a transfusion trigger, and more liberal transfusion triggers (autologous and/or allogeneic transfusions) in patients who receive preoperative autologous donation in spite of recommendations against this practice. 84, 125 Paradoxically, the use of autologous predonated blood can cause an iatrogenic anemia with return of the predonated blood. 126 There is also the potential for waste if the unit collected is not needed, which on average occurs in more than half of preoperative autologous donation cases. 84, 124 For this and other reasons detailed elsewhere, the use of autologous predonation is being discouraged in favor of intraoperative blood donation (acute normovolemic hemodilution) 72 and the use of algorithms that employ selective preoperative epoetin alfa and the use of evidence-based transfusion guidelines (Figure 3 ). 
Cost-Effectiveness of Transfusion Alternatives
A full economic analysis of these blood management strategies is beyond the scope of this review. However, it is worthwhile to have a framework for future analysis of the costeffectiveness of these therapies. Whereas authors often use the term "cost-effectiveness" to describe various types of economic analyses, there is a significant difference in the types of studies that seek to evaluate the trade-off between costs incurred and benefits gained for a particular therapy. Economic evaluations are divided into types based on how the outcome of the therapy was measured; specifically, these include cost-minimization, cost-effectiveness, cost-benefit, and cost-utility. Table 4 summarizes these different measurement schemes, as well as the setting in which each is most frequently used. Examples of the two common economic decisions faced by hospital pharmacists related to blood management (i.e., cost-minimization and cost-effectiveness analyses) are discussed below.
Cost-Minimization Analysis
This type of analysis is a simple comparison of the direct costs of two competing therapies. Although simple to do, cost-minimization analysis is rarely appropriate in the clinical setting because it assumes that all outcomes of the therapies being compared are the same. If, in fact, the outcomes differ, then the total costs of a particular therapy would not be captured. Many published studies use this simplistic and incomplete type of analysis. It is also the most common type of informal analysis done at the departmental level. The use of a cost-minimization analysis is particularly hazardous when a departmental "silo budget" exists. A silo budget occurs when cost centers are assigned to functional units within the organization that do not fully control their revenues and costs, yet they are held accountable for a fixed budget. This situation occurs commonly with hospital pharmacies where annual budgets are often set based on historical data (i.e., a percentage of last year's budget) rather than a continuous assessment of goals and requirements. If a pharmacy department is asked to increase their costs by the addition of new albeit expensive agents that reduce bleeding and transfusions, they may be tempted to resist such additions regardless of published evidence supporting improved patient outcomes. In these cases, the pharmacy department generally does not benefit economically from those improved outcomes despite potential improvements in quality of care and decreased total costs incurred by other departments, such as nursing and blood bank. Thus, although a cost-minimization analysis may result in the pharmacy minimizing its own departmental costs, this outcome may not be efficient from the hospital' s perspective.
Cost-Effectiveness Analysis
A more appropriate evaluation of transfusion alternatives would be a cost-effectiveness analysis, which measures the cost of a treatment to achieve specific outcomes, such as units of blood avoided, or patient outcome measures, such as reductions in infection rates or days of hospitalization. This method represents a more sophisticated analysis of total costs versus total benefits but requires more effort on the part of the hospital as well as more flexible methods of budgeting and accountability.
Changing Transfusion Practices
The most challenging but potentially the most effective method to reduce allogeneic transfusions is to develop systems that promote the use of evidence-based transfusion guidelines. 128, 129 Of importance, physicians have to take responsibility for changing their transfusion prescribing habits. Regardless, the challenges to changing physician practice are many and include environmental factors such as poor communication between physicians and other members of the health care team, misalignment among individuals and departments due to different motivation and reward systems, a lack of experience in the use of cross-functional teams, and a failure to anticipate and deal with resistance. 130 It is therefore not surprising that hospitals struggle to implement quality initiatives and departmental reengineering projects.
Numerous reports have been published describing attempts to change transfusion practices at the institutional level. A summary of these studies can be found in a recent systematic review addressing this topic. 131 The behavioral interventions used to change transfusion practices in the studies evaluated included the adoption of guidelines, education, reminders, and audits. Overall, it was concluded by the authors that even simple interventions appear to be effective in changing physician transfusion practices, thereby reducing blood utilization. Unfortunately, the heterogeneity of the studies evaluated did not allow for identifying the relative superiority of one intervention strategy over another or the merits of single versus multiple strategies being used. Furthermore, the cost-effectiveness of these strategies could not be evaluated.
A recent study provides evidence that computerized provider order entry coupled with an electronic evidenced-based red blood cell transfusion algorithm may be a powerful tool for affecting changes in transfusion practices. 132 Interactive decisions with immediate feedback to the provider was a component of this system at the time of ordering a red blood cell transfusion. Results from this investigation revealed a significant reduction in the likelihood of administering a red blood cell transfusion after introduction of the protocol compared with the control period (odds ratio 0.43).
Regardless of the strategy used, in general there appear to be three major stages in the process for changing medical practice: priming, focusing on learning alternative practices, and follow-up. 133 As a consequence of the major studies addressing the problems associated with allogeneic red blood cell transfusions, the priming stage of the change process appears to have already occurred. 134 Thus, efforts should be directed at the later two stages of the change process, namely, focused education on transfusion requirements, and feedback after implementation of a blood management program by appropriate persons within an institution.
Since the decision to transfuse is made thousands of times a day in U.S. hospitals by a multitude of physicians, all with differing backgrounds and interests in transfusion practice, there is a critical need for active and effective blood utilization committees to develop, promote, and monitor best practices in blood component therapy. 135 In their role as stewards of the blood supply, blood utilization committees must function both reactively (providing blood utilization review) and proactively (formulating and implementing effective transfusion guidelines). In this latter role, blood utilization committees must serve as change agents to alter established patterns of physician behavior.
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Pharmacist's Role
Numerous examples exist where pharmacists have traditionally played a lead role in the development and implementation of policies within the institutional setting. Often such policies are restrictive in nature, involving pharmacologic agents that are particularly costly (e.g., drotrecogin alfa activated 136 ) and/or have high-volume usage (e.g., antimicrobial restriction programs). In other instances, pharmacists have played an integral role within selected practice settings promoting standardization of care. Noteworthy in this regard are the development of sedation and analgesia guidelines, 137 the prevention of stress-related mucosal disease 138 and deep vein thromboses in the critical care setting, 139 and antiemetic therapy within the oncology setting. 140 Coincidentally, these are some of the same practice environments where blood products are routinely administered.
In a similar manner, pharmacists are playing an active role in a blood management program in many institutions at least as it relates to the use of pharmacologic alternatives. For example, one recently described pharmacist-managed anemia program in patients with chronic kidney disease focused on initiation and adjustment of epoetin alfa and iron therapy. 141 Cost avoidance in patients monitored within this program was $3000/patient/year. Another example is the development and implementation of evidencebased protocols for erythropoiesis-stimulating agents and concurrent iron therapy in various patient populations including critically ill patients. 142 Such a program in critically ill patients reduced the mean ± SD number of red blood cell transfusions from 16.6 ± 13.1 units before the protocol to 7 ± 11.8 units after protocol implementation. 142 Noteworthy in this study was the extremely high number of transfusions in both study periods. This may have been due to patient groups having mean ICU lengths of stay of 3-5 weeks. More recently, multiprofessional usage guidelines for rFVIIa have been published. [143] [144] [145] Although these efforts are laudable, perhaps even more important is that pharmacists focus their attention beyond those issues involving high-priced pharmacologic agents.
The first step in the process of engaging pharmacists in blood management is to heighten the awareness among pharmacists as to the broader implications of allogeneic red blood cell transfusions through educational efforts such as this primer. Once this has been accomplished, pharmacists will then be well positioned to contribute their expertise to the institutional medical committee (e.g., blood utilization committee, ICU committee) responsible for development of allogeneic red blood cell transfusion guidelines. In these cases, identification of physician champions to effectively promote the establishment of evidence-based blood management policies is critical to the success of such efforts. Nevertheless, the experience of pharmacists with the development and implementation of other institutional policies could prove invaluable within a particular institution in terms of the long-term success and viability of a blood management program. Furthermore, through their involvement in blood management programs from guideline development to implementation to ongoing monitoring, pharmacists will have made significant strides toward tearing down one of those silos so frequently separating health care personnel within the institutional setting.
Conclusion
In many cases, transfusions are the end result of the actions or inactions of health care providers and hospitals to manage a series of events in complex patients. It is encouraging to note that this series of events is predictable and, to a great extent, controllable through the use of proactive interventions collectively termed blood management. By developing and implementing comprehensive blood management programs, hospitals can promote safe, efficient, and clinically effective blood utilization practices for the benefit of the health care system, its patients, and the local community.
Alternatively stated, the goal of blood management is to ensure that each and every blood product that is transfused is appropriate, and that blood-related resources are used effectively. The cornerstones of blood management programs are the implementation of evidence-based transfusion guidelines to reduce variability in transfusion practice, and the employment of multidisciplinary teams to study, implement, and monitor local blood management strategies. Pharmacists can play a key role in blood management programs by providing technical expertise as well as oversight and monitoring of pharmaceutical agents used to reduce the need for allogeneic blood.
